Economic theory has long acknowledged a positive relation between human capital and economic growth (Smith, 1776; Becker, 1964) , which was nevertheless called into question in the late 1990s (Caselli et al., 1996; Pritchett, 2001) . The two primary criticisms evoked were the failure to consider diminishing returns to education and qualitative aspects of the stock of human capital. This work aims to redress inadequacies in the literature related to the usual proxy of human capital by advancing a composite indicator of human capital (PCA). This indicator allows for an integration of the qualitative aspects in question and uses the indicator of the stock of human capital (Mincer, 1974) to take diminishing returns into consideration. Adopting the methodology developed by Islam (1995) allows for the impact of human capital to become positive once again in the process of economic growth. The data also reveal a conditional convergence process for the 22 African countries considered over the period 1970 to 2000.
Introduction
One of the fundamental questions in development economics is to understand the determinants of unequal growth path between countries. The contribution of the level of human capital has often been advanced to explain this duality. In fact, its importance was raised as early as in Adam Smith's The Wealth of Nations (1776), 56 D. Boccanfuso et al. in which he pointed out that investment in capital enables an increase in future productivity. Smith asserted the importance of the role of education and training as a determinant of earnings and individual productivity. In the second half of the twentieth century, Mincer (1958) , Schultz (1961) , and Becker (1964) once again emphasized the importance of human capital. These authors contributed to the development of human capital theory. It is Becker (1964) who truly established the conceptual framework of the human capital theory. He formalized educational choices as rational choices of optimizing agents, who compare the present value of earnings to be expected from education and its related costs, over a life-cycle period. Lucas (1988) and Mankiw et al. (MRW) (1992) brought new momentum to this debate on the relation between human capital and growth. Indeed, under the nondecreasing returns to human capital assumption in the production function, Lucas (1988) introduces education activities as a long term growth factor and hence explains differences in growth rates between countries. On their part, Mankiw et al. (1992) perform an empirical test of Solow's neoclassical hypothesis. In their paper, they verified how efficient the Solow model was in explaining international variations in the standard of living. They concluded that demographics and human and physical capital investments explained 80% of differences between per capital GDP of different countries. Furthermore, empirical analysis of growth has been fueled by the production of standardized macroeconomic data between countries, namely GDP, productivity, and human capital indicators (see Summers & Heston, 1988; Barro & Lee, 1993 .
In the late 1990s and early 2000s, some studies, such as those of Caselli et al. (1996) or Pritchett (2001) , challenged this positive relation. Indeed, these authors observed no positive correlation -and in some instances observed a negative one -between the two variables. This led educational economists to highlight diminishing returns in education, as well as the importance of considering the quality of educational systems in the economies analyzed. 1 Consequently, when authors considered the endogeneity of education in growth regressions by integrating educational quality in indicators, in combination with diminishing returns to education, they once again found the positive relationship between human capital and growth.
This context provides the backdrop for the present study. The impact of human capital on the process of economic growth is examined by considering qualitative indicators and diminishing returns to education for a sample of 22 African countries for the 1970 to 2000 period. Over the past two decades, the process of convergence of economies has also been the subject of numerous studies (Islam, 1995; Barro & Sala-i-Martin, 1992 ). Solow's (1956) neoclassical model predicted convergence toward the same level of per capita GDP of countries with comparable technologies and preferences. Romer's (1986) endogenous growth theory described the persistence of differences between levels of per capita GDP. The application performed on this issue is based on a sample of African countries. An investigation is performed to verify if the various differences in per capita GDP of 1 See Mincer (1974) and Wössman (2001) for examples.
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African countries tend to diminish. The contribution of human capital accumulation in the convergence process of the 22 African countries is analyzed. In the following section, the role of human capital in economic growth theory is briefly presented. The third section presents the characteristics of our analytical model as well as the data used. The results of estimates are presented and analyzed in Section 4, followed by the conclusion (Section 5).
Human Capital in Growth Theory
Human capital often plays a key role in various theories of economic growth and development. Becker (1974) considers that human capital can be seen as the whole of productive worker talents and competencies, whether acquired informally (via experience) or formally (via education or training). It can also be defined as the whole of investments, such as education, health, and on-the-job training, which improve a person's productivity in the labor market and in other domains.
In economic theory, neoclassical and endogenous growth models highlight the importance of human capital in the development of an economy. Endogenous growth models advocate sustained and self-sustained growth by endogenizing the choice of actors, sometimes in terms of capital investment, sometimes in terms of research and development. These various models can be grouped into two categories according to their approach in linking human capital and growth. 2 The first category of models considers human capital as a factor of accumulation, such as physical capital in the production function; their accumulation should favor growth, so that differences in levels of human capital are tied to differences in production levels between countries. The second category of models considers that a greater stock of human capital primarily affects economic growth by facilitating innovation and adoption of new technologies, so that differences in levels of human capital bring about differences in production growth in various countries.
In the early 1990s, many empirical studies on growth tended to confirm the positive role of education with regard to growth. Mankiw et al. (1992) examine whether Solow's (1956) growth model is consistent with international variation in living standards. They advance the augmented Solow model. The authors show that differences in saving, education, and population explain the differences in per capita income. They also find that poor countries tend to grow faster than rich countries, and show that countries with similar technologies, demographic growth, and rates of capital accumulation should converge, but at a slower rate than that predicted by Solow (1956) . Barro (1991) considers that the change in the rate of secondary schooling from 50% to 100% (the order of magnitude of evolution in France between 1960 and 1985) increases the annual growth rate of earnings by approximately 1 percentage point.
In the mid 1990s, however, optimism concerning human capital and growth waned somewhat. Benhabib and Spiegel (1994) analyzed how human capital or education level of labor affect growth and output of an economy. These authors failed to find the positive relation described by Mankiw et al. (1992) between human capital and economic growth using a standard approach (that of MRW), which consists of treating human capital, measured through the average number of years of schooling of the labor force, as an ordinary production factor. Benhabib and Spiegel (1994) propose an alternative approach associated with the endogenous growth theory. They model technological progress, or total factor productivity (TFP) growth, as a function of education level or human capital. The intuition is that educated labor is superior in its creation, application, and adoption of new technologies, all of which generates growth. Their results challenge the traditional role attributed to human capital as a separate production factor contributing to growth. They conclude to a positive relation once again. In this model, human capital contributes to growth through two mechanisms. First, the level of human capital directly influences the locally produced technological innovation rate, as in Romer (1990) . Second, the human capital stock affects the rate of foreign technology adoption, according to the view proposed by Nelson and Phelps (1966) . Moreover, their model concludes in the catch-up effect between countries when the poorest can increase their stock of human capital and surpass that of the richest. In terms of empirical implications, the relevance of their model is that the stock of human capital (with regard to level), rather than its rate of growth, plays a significant role in determining the per capita GDP growth rate. Benhabib and Spiegel (1994) also show that, in the richest countries, it may be the direct effect of education on innovative capacity that influences growth, while in the poorest countries, the catch-up effect comes into play. The impact of education on growth thus varies according to country development level.
Other empirical studies such as Pritchett (2001) and of Krueger and Lindahl (2001) also bring into question the general optimism of the early 1990s regarding education's contribution to growth. Krueger and Lindahl (2001) note that education is statistically significant and positively tied to growth only for countries with low education levels. Pritchett (2001) , for his part, finds no relation between the increase in human capital and the per capita GDP growth rate for his sample of developing countries. He offers three possible reasons for this finding. First, the political and institutional environment could be inefficient such that the human capital accumulation weakens economic growth. Second, education quality could be too low and the years of schooling fail to create sufficient human capital gains. Third, returns on education may have rapidly declined, the supply of educated labor having increased while demand remained stagnant.
Confronted with this wave of empirical studies that were unable to establish the positive link between human capital in growth, a number of authors have further dug into this issue to find better explanations for the somewhat 'disturbing' results obtained in the late 1990s. In his literature review on human capital, Dessus (2000) offers a plausible explanation where the educational system quality evolves differently from one country to another; consequently, accumulating raw human capital at the same rate could produce very different outputs. He proposed an alternative framework of the educational system's role in terms of human capital quality. This consists of assuming the heterogeneity of production function should be captured through the marginal productivity of human capital. Dessus shows that the initial endowment of human capital available in the economy explains this heterogeneity of educational system quality. In doing so, he confirms the Human Capital and Growth 59 results of Azariadis and Drazen (1990) , according to which rapid growth cannot occur without a high level of investment in human capital relative to per capita income.
Obtaining results on the relation between growth and human capital therefore seems to depend on the indicator used to represent human capital. Wössman (2000) has proposed a review of human capital proxies used in the literature. Among these are the increased labor associated with education (qualified and non-qualified labor, for example) (Denison, 1967; Jorgenson, 1995) ; the literacy rate (Azariadis & Drazen, 1990; Romer, 1990) ; the average, primary, or secondary enrolment rate (Barro, 1991; Mankiw et al., 1992; Levine & Renelt, 1992) ; and the average number of years of schooling (Barro & Sala-i-Martin, 1995; Barro, 1997 Barro, , 1999 Benhabib & Spiegel, 1994) . Wössman (2000) criticizes each of these indicators, as they only allow for a certain notion of the human capital included in the labor force. Thus, he suggests a new specification of human capital based on the Mincerian human capital theory and the quality index proposed by Hanushek & Kimko (2000) . This new indicator enables us to consider not only the quantitative aspect of human capital, but also its quality, by taking into account these diminishing returns as well as the efficiency of the educational system.
It should also be noted that the increase in availability and quality of databases on growth and human capital measurement has facilitated research on human capital contribution to growth. The databases of Barro & Lee (1993 can be cited as an example. Other relevant databases include those of de la Fuente and Doménech (2000) covering OECD countries, the Penn World Table of Heston et al. (2006) , UNESCO's statistical yearbooks, the World Bank databases, and the Pscharopoulos & Patrinos (2002) tables on the rates of return of education. With data available that integrates quantity and quality indicators of human capital, a new generation of empirical studies on growth and human capital has emerged in recent years. Créel and Poilon (2006) examine the impact of human capital (measured by educational expenses) and of public investment on growth using an augmented Solow model. Human capital and public investment have proven to be driving forces in European economic growth. Barro (2001) is another contribution that directly integrates the measure of educational quality into a growth model. He uses an endogenous growth model and also observes the positive role of education as concerns growth in his sample of 100 countries over the period 1960 to 1995. Results of this application show that educational quality measure by average completion rate of secondary and higher education is more important than quantity of education. Altinok (2006) uses new indicators, based on international surveys measuring skill levels of students, to test the relation between education and growth. By considering the endogeneity of education, he concludes to a positive effect, in terms of both quantitative and qualitative indicators of human capital, on the growth of a sample of 105 countries for the period 1960 to 2000.
In this article, the neoclassical growth model developed by Islam (1995) is used as the basic framework. As it uses panel data, the approach will present interesting features. In addition, the criticism formulated by Wössman (2000) pertaining to the human capital indicator's ability to integrate diminishing returns and certain quantitative and qualitative aspects of human capital is taken into 60 D. Boccanfuso et al. account in the application. This assumption allows us to assess the human capital stock in a number of African countries. Our research proposes enriching the literature with an improved indicator of human capital in the ambit of 'average number of years of schooling' as a proxy of human capital. This is particularly challenging in light of the scarcity of available data for the African continent. Consequently, a composite indicator of human capital that allows considering qualitative aspects of human capital using a principal component analysis (PCA) is proposed to enrich empirical analysis of the link between human capital and economic growth on a panel of African countries. This indicator allows us to measure the importance of education and therefore of human capital on the level and variation of per capita GDP for a sample of African countries using panel data and the methodology proposed by Islam (1995) . Finally, convergence is analyzed to find whether the differences recorded in terms of per capita GDP between African countries tend to diminish (converge). In the section that follows, the method used to address these questions is elaborated.
Methodology and Data
As previously mentioned, the analytical model selected is based on the model developed by Islam (1995) , in which two approaches to human capital evaluation are considered.
Analytical Model
Islam's model (1995) is essentially a specification of the Mankiw et al. (1992) model using panel data. Mankiw et al. (1992) on their part, capture the fundamental hypothesis of the Solow model, into which they integrate the concept of human capital. Two types of capital are included: physical capital and human capital. The production function is Cobb-Douglas:
where K(t) denotes physical capital, H(t) human capital, L(t) labor, and A(t) technological progress. Labour (L) is assumed to increase at an endogenous rate n based on population growth rate and the exogenous increase in labor productivity. Technological progress A is exogenous and grows at rate g. Moreover, the two forms of capital are assumed to depreciate at a rate of δ. The model has a constant fraction of the production, s j , is re-invested in each type of capital j. The evolution of physical and human capital expressed on a per capita basis is given by:
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The values of physical and human capital at the steady state are:
By substituting the expressions of k * and h * in the production function expressed in per capita and in natural logarithm, we obtain:
After manipulation, we obtain Islam's (1995) productivity equation, which specifies that countries are at the steady state, and which gives the relationship between the GDP (y) per capital level and the demographic growth rate (n), the saving rate (s k ), the human capital (h) endowment, the growth rate of technological progress (g), and the depreciation rate (δ). For each country i, it is given by:
Because the aim is to examine the existence of a convergence process, the convergence equation developed by Mankiw et al. (1992) is considered and applied by using panel data such as Islam (1995) . This equation loosens the constraints of the equilibrium hypothesis and provides for the contribution of variables such as the human capital stock, the demographic growth rate, and the rate of investment in human capital on the gap between current and equilibrium per capita GDP.
where y i (t 1 ) represents initial earnings per worker for countries i, τ = (t 2 − t 1 ) and λ = (n + g + δ)(1 − α). By grouping these terms and manipulations, we 62 D. Boccanfuso et al.
obtain the following:
Equation (9) is based on an approximation around the equilibrium state and captures the dynamics surrounding this equilibrium. It is therefore valid for short time periods. For a cross-section regression, s k and n -that is, the rate of investment in physical capital and the rate of demographic growth -are assumed constant over the entire period. Such an approximation is therefore more realistic over short periods. The panel-data analysis is possible by dividing the period analyzed into short intervals. This is performed with five year intervals, as in Islam (1995) . 3 The 1970 to 2000 period generates six dates for each country, namely 1975, 1980, etc, until 2000. 4 The panel data approach allows, on one hand, control of the country specific effects and on the other the integration of the convergence process, produced over several consecutive time intervals.
The value of λ represents the convergence speed, the rate at which each economy reaches its steady state of equilibrium when its point of departure represents a situation of disequilibrium while assuming that its structural characteristics remain unchanged during the transitional period. Assuming that factor shares in income are constant, higher demographic growth rate will lead to faster convergence, ceteris paribus. 5 A country's per capita income growth rate depends on the location of the level of earnings in relation to the economy's long-term equilibrium path. A country will exhibit higher per capita growth rate when it is situated further from its long-term equilibrium path. An inverse relationship (see Solow, 1956) exists between the per capita growth rate and initial per capita GDP insofar as different structural characteristics (investment rate, population growth rate, technology level, etc) between countries are taken into consideration. This relation illustrates the different structural characteristics that are at the source of absence of convergence for per capita earnings. In these circumstances, the estimated coefficient for the initial value of the per capita product with the minus sign, leads to the conclusion that the poorest economies in the sample are not in steady state equilibrium and will not grow faster on average compared with richer economies.
It is important to describe the approaches used to evaluate the human capital stock used to estimate equations (7) and (9). As previously mentioned, two approaches are used as measures of human capital in our model. The first consists of considering the diminishing returns to education. According to Psacharopoulos (1994) , the wage gap analysis reveals diminishing returns in education. This means that an additional year of schooling for a worker will also depend on the number of years of schooling already achieved. Since years of schooling cannot simply be added (given the decreasing marginal contribution to production), it is necessary to refer to the human capital theory to link human capital measured in monetary units with years of schooling. The Mincerian specification is used for this purpose (Mincer, 1974) . This theory implies that annual wages received by a worker with s years of schooling are a linear function of years of schooling.
An additional year of schooling will raise the worker's salary by r%. It is thus possible to construct an indicator of human capital based on the return of years of schooling. First of all, by considering that the return is the same:
where φ(s) is a labor efficiency function of a qualified worker with s years of schooling. According to the more accurate hypothesis that the rate of return depends on years of schooling completed by the worker for each level of schooling, this equation can be rewritten as follows: 
with r a as the rate of return on education at level a and s a as the number of years of schooling at level a.
Knowing the years of schooling at different levels of education and using Psacharopoulos and Patrinos (2002) estimates for returns to education (primary, secondary, and higher) in Africa, it is possible to construct a Micerien-based human capital indicator.
The second approach consists of integrating the qualitative aspects of human capital. A principal component analysis 6 (PCA) is used for this approach. It is applied by using different qualitative indicators in order to determine a composite indicator of human capital.
Principal component analysis (PCA) is a descriptive multidimensional technique that allows the analysis of relationships between quantitative variables without imposing a priori a given structure, variables or individuals. It consists of finding a direction in space that best represents the correlations between n random variables. The objective of PCA is to synthetically describe the dispersion of points and reconstruct a smaller number of new variables by orthogonal transformations, which become the principal components. The more components are used, the less this kth component will contribute new information. This PCA can be presented in the space of individuals or the space of variables. The two space approaches are equivalent and lead to the same results. In this paper, an application of PCA in the variable space to obtain the principal component is applied. 7 The Barro and Lee (2001) database offers a series of indicators for various inputs of educational systems, among which are the student-teacher ratio, public expenses per student, the share of public expenses per student in per capita GDP, average teacher salary, etc. These indicators allow measuring the quality of educational systems for the countries of application. Once the composite indicator is constructed, it is introduced in the model to assess the qualitative component of the educational system along with the usual proxy of human capital stock, namely the average number of years of schooling (quantitative measure).
Data
Several databases covering 1970 to 2000 on the African countries have been used for this application. Twenty-two countries were selected, based on the information available for the indicators used during the above-mentioned period. The first database is the Penn World Table ( PWT) version 6.2 constructed by Heston et al. (2006) , from which information on GDP, physical capital and population have been extracted. The second one is the Barro and Lee (2001) database, which provides information on both quantitative and qualitative aspects of human capital. To complement the data for human capital indicators of our African countries, the education-related databases of UNESCO as well as data from the World Bank website were exploited. Finally, the Pscharopoulos and Patrinos (2002) estimates of social returns of various education levels for the sub-Saharan and Northern African countries were used. As mentioned earlier, this indicator is useful to estimate the stock of human capital using the Mincerian method (equation (11)).
Before analyzing our results, some of the descriptive statistics relating to selected data are presented in Table 1 .
It appears that the average per capita GDP of our sample of 22 African countries (in PPP dollars at the constant prices of 2000) grew from $1414 in 1970 to $2056; that is, an annual growth of more than 3.5% over 30 years. The highest per capita GDP values are $4305 in 1970 for Algeria and $6556 in 2000 for Botswana. The average per capita GDP did not double in 30 years (31.2%), contrary to the countries' populations, which more than doubled during this period (52.4%).
The average number of years of schooling of our sample is 1.63 years, which is less than 2 years in 1970 and 3.48 years in 2000. The highest number of years of schooling in our sample is 6.28 years for Botswana, while the lowest number of years of schooling is 0.84 years for Guinea-Bissau. The average number of students per teacher in primary school slightly improves over the period, going from 44.5 students per teacher in 1970 to 42.15 in 2000. The average number of secondary level students rose by 13.41% over the same period. On the other hand, other indicators deteriorated. This is the case for the average primary school teacher salary, which diminished over 30 years, from $5689 in 1970 to $5511 in 2000 (a drop of 3.11%), and public expenses per primary student in per capita GDP fell from 19.14% to 12.84%. Following this brief data analysis, an analysis to assess the role of human capital in the growth and convergence process is presented in the next section.
Empirical Results
As explained in Section 3.1, a distinction is made in the version in which diminishing returns are integrated and the one in which the qualitative variables of human capital are used. Hence, four different models presented below were used for estimations. 
The usual econometric tests were performed on the four models in order to use the best estimation method adapted to our analysis. 8
Estimate of the Productivity Equation
In equation (7), it is assumed that countries are in a steady state and the estimation allows measuring of the contribution of different explanatory variables (capital investment rate, demographic growth rate, and stock of human capital) on the level of per capita GDP. Results of the four models are presented in Table 2 . Let us start the analysis with results of Model 0 (equation (12)). The two main variables contributing to explaining the level of per capita GDP (saving rate and demographic growth rate) are positive and statistically significant. According to the Solow model, the coefficient associated with the demographic growth rate should have been negative. This is a first indication that the Solow model will not be verified for our sample of 22 African countries. On the other hand, the saving rate exhibits the standard positive relation of the Solow model. Model 1 integrates different human capital variables in order to evaluate their effect on the level of per capita GDP and Model 1. The results in Table 2 reveal lower levels for investment rate coefficients and the demographic growth rate. However, these variables lose their significance at 5% when integrating the human capital variable (h M ) into the regression. The Mincerian variable of human capital has a positive and statistically significant coefficient, which reveals that human capital evaluated with diminishing returns is a good explanatory variable for the level of the per capita GDP at equilibrium for our sample of African countries. Its contribution is evaluated at approximately 61%. The positive role of human capital is obtained when it is specified in the Mincerian form, as in the results of Wössman (2000) , which confirms the essential role of education in developing countries in general and Africa in particular.
Estimates of Model 2 (Equation (14)) are also presented in Table 2 . The results obtained show that all human capital variables generated statistically significant coefficients, with a stronger impact of the quantitative variable of human capital (42% versus 10% for the qualitative variable). The demographic growth rate coefficient once again becomes significant at 5%, and remains positive, contrary to the Solow model results. The quantitative human capital variables are further decomposed in order to estimate the impact of years of schooling for primary, secondary, and higher levels on the level of per capita GDP (Model 3). The purpose of this decomposition is to assess the contribution of different schooling levels on the level of per capita GDP. The number of years of schooling at the secondary and higher levels has a positive and significant impact, while the number of years of schooling at the primary level is not significant. Thus, an additional year of studies at the secondary and higher levels may have a positive and significant impact on growth for our sample, while the number of years of studies at the primary level may not be sufficient to influence the levels of per capita GDP. The qualitative human capital variable always remains positive and significant, albeit with a weak impact (approximately 5%) on the level of per capita GDP.
These results indicate that data on 22 African countries over the period 1970 to 2000 do not allow for a reproduction of the Solow model. However, the different approaches used to include human capital (PCA and Mincerian approach) show a significant and positive impact of human capital on per capita GDP, which is largest with the Mincerian approach. This reinforces past results which indicate that including diminishing returns in the evaluation of human capital is important and allows one to find a positive impact in the process of economic growth.
The PCA approach has revealed that the average number of years of schooling and the investments made in the quality of the educational system are important factors in explaining levels of per capita GDP. However, the impact of the qualitative human capital variable is weaker compared with the quantitative variable. Thus, it may be that the more time individuals spend in school, the more they acquire human capital and are more likely to influence the level of per capita GDP, contrary to what Pritchett (2001) had suggested. However, the quality of the educational system is not high enough to sufficiently influence the level of per capita GDP for our sample of African countries. The decomposition of the average number of years of schooling at the primary, secondary, and higher levels has revealed that an additional year at the secondary or higher levels produces a positive impact on the level of per capita GDP in Africa.
Estimate of the Convergence Equation
Thus far, it was assumed that the countries were in their steady state or, more generally, that the differences separating them from the steady state were random. This hypothesis can however be questioned. Indeed, it is possible that the data are influenced by a non-steady state dynamic, due to the slowness of convergence toward the steady state itself. Estimates were applied to assess the convergence process for our sample of African countries. The difference in growth between two periods is explained by the initial per capita GDP (y i,t−1 ), the demographic growth rate, the investment rate in physical capital, and also the human capital stock. Results of the assessment of the convergence process for the four models are presented in Table 3 .
Let us first analyze what takes place when human capital is not considered in the convergence equation (equation (9)). The positive sign of the initial per capita GDP coefficient confirms the convergence process of per capita GDP in our sample of African countries with a convergence speed of 0.027%.
Next, human capital variables are introduced in order to evaluate their impact on the convergence process. The first model estimated corresponds to Model 1, in which the impact of human capital on growth is considered using the Mincerian human capital variable. The positive impact of human capital h M persists, but is only significant at 20%. Moreover, the positive sign of the per capita GDP variable combined with the statistically significant coefficient confirm that a convergence process is present in the sample of countries. By using this variable as a proxy for human capital stock, the convergence speed of the countries rises to 0.201%, a rate nearly 7.5 times greater than when human capital is not considered in the model.
The impact of the other human capital variables was assessed in the economic convergence process. The results obtained from Model 2 show a positive and significant impact for the qualitative (using the PCA) and quantitative (number of years of schooling) human capital variable with a stronger impact for the quantitative variable in the convergence process. Indeed, the impact of (h PCA ) is 1.2% while that of (ĥ) is 4.1% in the convergence process. By using these two variables to assess the human capital stock, the speed of convergence of these economies now rises to 0.37%; that is, 13.7 times faster compared with when human capital is not considered (Model 0). In addition, the distinction between quantitative and qualitative human capital variables also seems to accelerate the convergence process, since the speed almost doubled that obtained with Model 1 (Mincerian form).
Finally, as with the analysis of per capita GDP, a decomposition of the number of years of schooling according to those at the primary, secondary, and higher levels was performed to assess their respective impact on the convergence process. Contrary to what was obtained previously at the steady state, the role of primary education becomes important in the convergence process. Indeed, only the number of years of schooling at the primary level (ĥ pri ) and the qualitative composite indicator of human capital (h PCA ) are significant and positive. Other variables are not significant, contrary to the estimate of the productivity equation, where the primary level variable was the only one not significant. The contribution of the number of years of schooling at the primary level here rises to approximately 5% in the convergence process. This could indicate that countries in our sample exhibit similar characteristics in terms of primary level education, which may contribute to bringing them together in a convergence process. The countries may concentrate more on primary education than on secondary and higher education and hence, for these two levels, there may be greater divergence between countries. Based on Vandenbussche et al.'s (2006) results, in which the closer a country is to its technological production frontier the more qualified labor it needs, it could be that countries in our sample are far from this technological frontier. This would reinforce the importance of primary education in Africa since countries need this type of human capital. In Model 3, a significant slowdown in the speed of convergence is observed, with the speed of convergence reaching barely 0.034%, just slightly faster compared with convergence in Model 0 where human capital is not part of the model. Generally speaking, the African data used confirm the existence of a convergence process for per capita GDP, with a convergence speed varying according to the indicator used for the human capital stock. This result is consistent with the findings of numerous applications on African countries such as Ndiaye (2006) that conclude the existence of a convergence process in the WAEMU zone, 9 even if it is relatively weak (1.71% between 1980 and 2000) . Similar results are also found in Dramani (2007) , who analyzes convergence in developing countries, namely in Africa in the WAEMU and CEMAC 10 zones, using the convergence theory based on endogenous growth models. The author uses the similarities in terms of production factors and of comparative advantages, which reveals the presence of a convergence process. In this application, the importance of distinguishing the form of human capital in an analysis of convergence is highlighted.
Conclusion
In this article, an evaluation of the contribution of human capital in the processes of economic growth and convergence in a sample of 22 African countries for the period 1970 to 2000 is carried out. More specifically, qualitative and quantitative aspects of human capital are integrated in the analysis. As in Islam (1995) , diminishing returns of human capital is used based on a neoclassical model of growth. This specification of diminishing return to human capital was first proposed by Mincer (1974) . In order to integrate the qualitative aspects of human capital, a composite indicator is constructed using a principal component analysis. This allows for the use of several indicators related to the educational system. The results show that qualitative aspects and diminishing returns of human capital generate a positive and significant relationship between human capital and economic growth. The data also reveal a conditional convergence process (although slow) for the sample of African countries over the period 1970 to 2000.
This study aims to enrich the debate on the relation between human capital and growth through the analysis of this relationship for a sample of African countries using panel data, and notably by using a new type of indicator of human capital. This principal component analysis based proxy allows for a broader acknowledgment of human capital and it contributes to an enhanced evaluation of the qualitative aspects of human capital, especially in developing countries for which the lack of data is a considerable problem in such analysis. As we have illustrated, its role is important in the study of both economic growth and convergence for the African countries in the sample. This study also reveals the importance of considering qualitative human capital in this type of analysis. Up to now, the existing literature on growth has neglected this part of the story.
Further analysis will nonetheless be interesting to pursue in order to enrich further this literature. One path for this is the addition of some heterogeneity found in the countries, for instance criteria such as the distinction between Francophone and Anglophone countries or simply using geographic differentiation. This could help reinforce or reject some of our findings concerning growth and convergence. Such decomposition will pose some challenges in terms of data to obtain robust econometric estimations. However, future improvements in African databases will open the door for such applications in the future. 
